In this work we discuss the results of an experimental study performed with a multi-frequency electromagnetic method over a mature oil field in Recôncavo basin, Bahia -Brazil. Five 1.8 km transects 200m apart and extending over a block of the oil reservoir were surveyed. The processed EM data are represented as cross-sections of apparent resistivity and induced polarization parameter, using a consistent plotting procedure developed by . All the sections, controlled by seismic and well log data, although showing some distortions in the IP-resistivity configurations, allow to recognize the following geological features: (i) the oil sandstone horizons and their trapping shales; (ii) the oil-water interface and some zones of steam invasion; and (iii) lateral electric contrasts representing fault zones. These results suggest the real possibility of the use of the spectral EM method in the direct detection of hydrocarbons, as well as for monitoring the efficiency of the artificial fluid injection used for secondary recovery.
Introduction
The technological developments of the last decades have produced a notable progress in the performance of EM methods. Today we have available: (i) very precise and versatile instrumentations; (ii) powerful computers to register and process a large amount of data; and (iii) adequate techniques for processing and plotting, as well as to model and to invert EM data. Most of the limitations usually attributed to EM resolution and environmental and cultural noises can be surpassed by a dense data acquisition, an adequate processing and an effective integration of the available geological and geophysical information. Due to these developments, in the last years we are testifying a large effort to demonstrate the feasibility of the EM methods in oil exploration and development Cardador et al., 2003) . All these reported applications, however, involve transient techniques used both in land and offshore. The present work is the first attempt to test the EM spectral multifrequency technique both for the detection of hydrocarbons and to monitor fluid invasion effects related to enhanced oil recovery.
This research has also an innovative character. From its beginning as a Ph.D. work , the EM spectral multi-frequency method, proposed to measure inductively both IP and resistivity, has undergone a large development related both to its scheme of data acquisition, and graphical representation and interpretation as developed by and . In 2001 the Canadian company Phoenix Geophysics Limited constructed a 5 th generation prototype under contract for the LENEP/UENF, incorporating all the previousreferred technological advances. This is the equipment used in the present work. A detailed description of its basic units is found in . For now, we inform that it operates with 54 values of frequency in the range 1Hz to 10kHz.
Field Procedure and Acquisition
The selected area for the experiment is part of a geologically and geophysically well studied oil field, having good quality 2-D and 3-D seismic surveys, sample data from more than hundred wells with their geophysical logs, and a detailed geological characterization of their main oil reservoirs. The studied area encompasses a sedimentary sequence having 1000m of maximum thickness, mainly composed of interlayered shales and sandstones, overlaying a crystalline basement. The oil-bearing horizons are located between 300 and 700m below the topographic surface, being sealed above by thick shales and laterally by fault zones.
The experiment was focused over a structural block having the following lateral dimensions: width of 800m, length of 1,800m and depth of 1,000m ( 
Data Processing and Plotting
Part of the data processing is performed during the field acquisition by a statistical data treatment and presentation made within the data acquisition software. Normally the equipment is set to repeat each measurement a number of stacks, which can be increased in case of high noise. Next, from the real and imaginary parts of the mutual impedance data measured between the transmitter and receiver coils, it is computed the apparent resistivity and the induced polarization parameter ( a , I /| |) following the theoretical developments of . These values are attributed to a sub-surface point between the transmitter and receiver positions according to a procedure proposed in . These processing steps are automatically made within a Fortran program written by Sato. The final sections are then contoured using the GMT package .
Results and Conclusions
Two apparent resistivity sections and two of polarization parameter are used to show the main results of this experiment (Fig. 2a,b and Fig. 3a,b) . In each resistivity section we superpose some geophysical well log data and delineate the main geological contacts in the section for checking the EM interpretation coherence. The faults were defined by inspection of the electrical sections. We report the following main results: (i) the lithological interfaces defined from well log data as well as the sub-surface faults are easily correlated with the color contouring scheme presented in the sections; (ii) The oilsaturated sandstone reservoir is depicted as a high resistivity/low polarization zone in all sections; (iii) the oil-water contact is also electrically distinguished in these sections. In addition to these features, we may also emphasize the following inferences from the EM results: (a) the oil-water interface appear to be slightly displaced upwards from it original position; (b) in some sections it is observed a resistive anomaly within the low resistivity trapping shales, that are being interpreted as resulting from steam injections performed in nearby wells. In summary, the multi-frequency EM results allow us to identify and approximately locate the oil-bearing sandstones and their water zones, the crystalline basement and the upper shale layers, the fault zones and the effects of steam and water injections. Thus it is quite plausible the entrance in the oil production and development activity of a new geophysical technology based in the spectral multi-frequency EM method totally developed by Brazilian scientists.
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